Oat crown rust, caused by the fungus Puccinia coronata Cda. f.sp. avenae Erikson, is the most widespread and harmful disease of cultivated oat in many regions of the world (SIMONS 1985; HARDER & HABER 1992) . The disease reduces both the yield and the quality of grain and forage (ŠEBESTA 1971; ŠEBESTA et al. 1972; ŠEBESTA & SÝKORA 1974) and increases lodging (OHM & SHANER 1992) .
Genetic resistance (ŠEBESTA 1991) is the most economical and ecological measure of crown rust control (HARDER & HABER 1992) . Information about virulence genes in the pathogen race population, efficiency of resistance genes and their relationships have been used in resistance breeding programmes. The standard set of ten differentials (SIMONS & MURPHY 1955) was widely used for oat crown rust research till the 1960's. Some of the differentials were also important donors of resistance in breeding programmes (FREY et al. 1977) . However, by the end of the 1950's, none of the known sources of crown rust resistance present in cultivated oat could provide adequate protection against the disease (MARTENS & DYCK 1989) . The pathogen was indicated to be highly variable in virulence and to be able to rapidly evolve new virulent pathotypes that overcome commonly used resistance genotypes (CHONG & KOLMER 1993; ZHU & KAEPPLER 2003) .
Wild populations of Avena sterilis L. originating from North Africa, Mediterranean Region, and Middle East proved to be rich sources of crown rust resistance. A significant increase in the number of identified novel genes has been recorded within continuous research, and more than 90 crown rust resistance genes are now available (http://www.cdl.umn.edu/res_gene/res_gene. html). Many of these genes were important for resistance breeding in North America (MARTENS ŠEBESTA (1983) . The reselected lines Pc 50-2 and Pc 50-4 showed to be homozygous for a crown rust reaction (ŠEBESTA & ZWATZ 1980) .
The aim of this study was to clarify the current efficiency of the gene Pc 50-4 using different isolates of oat crown rust obtained in 2000-2004, and to compare this value with the efficiency of oat differentials used in the Research Institute of Crop Production (RICP) in Prague. We also focused on the inheritance of Pc 50-4 in F 2 and F 3 generation to two new rust isolates. The results are supposed to be the basic information for further molecular analyses of Pc 50-4.
MATERIALS AND METHODS

Puccinia coronata f.sp. avenae
Oat crown rust isolates collected in 2000-2004 were used to assess the efficiency of the line Pc 50-4. Crown rust pathotypes were obtained from trials and commercial fields in various countries of Europe and Middle East (Austria, Belarus, Czech Republic, Estonia, Hungary, Israel, Serbia and Monte Negro, Sweden). Isolates of these pathotypes are kept in the RICP collection.
Assessment of Pc 50-4 gene efficiency
Analyses were performed in the juvenile stage of the plant in glasshouse conditions. Oat crown rust isolates for testing were multiplied on a susceptible oat cultivar. By means of a glass cyclone separator, the first fully expanded seedling leaves of Pc 50-4 line were inoculated with different urediospore/talc mixtures. After inoculation, the plants were put into glass cylinders to avoid any contamination, placed on the greenhouse bench and incubated at a temperature of 18°C and high humidity enabling the urediospore germination for 2 days. After incubation, the same greenhouse temperature was maintained and natural daylight was complemented by 16 h photosynthetically active radiation emitted by cool-white fluorescent tubes (ŠEBESTA 1972) . In 10-14 days after inoculation, the rust reactions were scored using the scale described by ŠEBESTA (1991). Infection types from 0 to 2 indicated resistance while types 3 and 4 denoted susceptibility. The efficiency of resistance was calculated as the ratio of avirulent isolates out of the number of all tested isolates.
Analysis of inheritance of Pc 50-4 line to crown rust
The cross Pc 50-4 × Atego was used for inheritance analysis. Cv. Atego was chosen due to its high susceptibility to all oat crown rust pathotypes tested so far. F 2 and F 3 generations were used for inheritance analyses in greenhouse and field conditions. The infection technique as well as temperature and light conditions in the greenhouse corresponded with the procedure mentioned above. Two pathotypes avirulent to Pc 50-4 line and virulent to Atego were applied.
Field infection was realized by the application of water suspension with urediospores into the apical point of the plant (through incision) at the beginning of the stem extension stage. Susceptible oat cultivars were used as natural spreaders of crown rust infection.
The Chi square statistic was used to test the goodness of fit of expected segregation ratios.
RESULTS AND DISCUSSION
Assessment of gene Pc 50-4 efficiency
In total 71 isolates of different oat crown rust pathotypes were used to define the current efficiency of the gene Pc 50-4. The gene reaction with infection types and the origin of pathotypes are presented in Table 1 .
The reaction of Pc 50-4 was evaluated as resistant to 66 isolates, only the "0," infection type was observed (green leaves without any flecks or pustules). A susceptible reaction (large pustules, rich sporulation) was recorded with 5 isolates only. These 5 crown rust isolates originated from different geographical areas, from the Czech Re- Despite of an increase in the occurrence of virulent pathotypes, the efficiency of Pc 50-4 is still very high, the current evaluation is 0.9296.
Comparison of resistance efficiency of Pc 50-4 with other Pc resistance genes
The efficiency of Pc 50-4 was compared with the efficiency of differentials carrying Pc genes which are currently used in RICP to determine the range and combination of virulence of oat crown rust pathotypes. Twenty-eight differentials were used for comparison; their designation, genealogy and calculated efficiency are included in Table 2 .
According to the value of resistance efficiency the differentials were divided into four groups. The As demonstrated, Pc 50-4 with the efficiency value 0.9296 is comparable with the genes with the highest indicated efficiency to oat crown rust pathotypes coming from different regions of Europe and Middle East. Therefore, it is substantiated to use also this gene in the Czech breeding programmes of oat crown rust.
Problems of oat resistance to crown rust were successfully solved in breeding programmes in Canada and USA. Genes such as Pc 48, Pc 68 and also Pc 94, Pc 96 were widely used as sources of crown rust resistance (CHONG & ZEGEYE 2004; CHONG 2000; MCMULLEN & PATTERSON 1992; MARTENS & DYCK 1989) . These four genes were included in our analyses for a number of years, first Pc 48 and Pc 68 and now Pc 94 and 96 since 2003. As obvious from our results, these genes are also very effective in the control of European pathotypes of oat crown rust. In our experiment Pc 96 was evaluated as very effective with the value 0.857; CHONG and BROWN (1996) reported the resistance efficiency of this gene in the control of even more than 94% isolates of oat crown rust from regions in North America. The results of our analyses put the genes Pc 48, Pc 68 and Pc 94 into the same group as Pc 50-4 studied by us, i.e. into the group with very high efficiency. The efficiency values reached 0.9859-1.00. The monitoring of the genes Pc 94 and Pc 96 has been carried out for about 3 years; our results indicate the possibility of using these genes in Czech breeding programmes of oat as well.
Analysis of inheritance of Pc 50-4 line to crown rust
Further objective of this study was to clarify the inheritance of crown rust resistance in the Pc 50-4 line. 268 or 357 F 2 plants (Pc 50-4 × Atego) were tested in two glasshouse experiments. Pathotypes avirulent to Pc 50-4 line and virulent to Atego designated 30-04 and 15-04 were applied. The third analysis covering 58 plants was carried out at the adult stage in field conditions. Plants were separately inoculated with pathotype 30-04. Segregating plants were evaluated as resistant (infection type 0,) and susceptible with infection type 4. Table 3 shows the numbers of resistant and susceptible plants; plants in F 2 generation segregated at the ratio 3:1, which is in accordance with the monofactorial inheritance of resistance of the Pc 50-4 line. This indicates that the Pc 50-4 line does not contain any other independent resistance gene(s) effective in the control of the used pathotypes. Resistance to the applied pathotypes is obviously controlled by the gene Pc 50-4. Monofactorial inheritance of resistance was also confirmed by a hybridological analysis of the F 3 generation. In total 52 families were analysed. The ratio of F 3 families 1:2:1 (R:Segr:S) was found in the seedling stage (P = 0.8-0.7). These results confirm previous data on the inheritance of Pc 50-4 resistance to crown rust (ŠEBESTA 1983 R = resistant reaction; S = susceptible reaction; ∑ = total number of plants; P = probability according to Chi square
